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INTRODUCTION: 


Bone  metastases  are  a  major  source  of  morbidity  and  mortality  in  patients  with  advanced  cancers 
of  the  breast  and  prostate  (Mundy,  2002).  Parathyroid  hormone-related  protein,  PTHrP,  is 
established  as  the  major  known  causal  agent  in  osteolytic  bone  metastases  (Guise  et  al,  1996; 
Guise,  1997).  These  metastases  are  characterized  by  net  destruction  of  bone  in  the  vicinity  of 
tumor  cells  and  are  commonly  caused  by  breast  cancers  (Guise  &  Chirgwin,  2003a).  By 
contrast,  prostate  cancers,  which  share  with  breast  cancers  a  propensity  to  metastasize  to  skeletal 
sites,  usually  cause  osteoblastic  metastases,  lesions  that  are  characterized  by  net  formation  of 
disorganized  new  bone  of  poor  mechanical  quality.  In  these  metastases  it  has  been  observed 
clinically  that  bone  resorption  is  increased  even  more  than  in  breast  cancer  osteolytic  metastases. 
It  is  also  known  that  prostate  cancers  usually  express  the  same  osteolytic  factor,  PTHrP  (Guise  & 
Chirgwin,  2003b).  However,  an  vmderstanding  has  been  lacking  of  why  prostate  cancer 
metastases  are  usually  osteoblastic  rather  than  osteolytic,  despite  their  expression  of  PTHrP.  Our 
DoD  Idea  proposal  offered  a  novel  molecular  basis  to  explain  this  paradox.  PTHrP  fragments 
are  released  by  the  action  of  prostate-specific  antigen,  PSA,  which  is  a  chymotrypsin-like  serine 
protease.  When  these  observations  were  published  by  Cramer  et  al  and  Iwamura  et  al  in  1996,  it 
was  thought  that  the  23-amino  acid  fragment  was  inactive,  since  1-34  is  the  minimum  fragment 
length  required  to  activate  the  PTH  type  1  receptor  efficiently.  In  2001,  however,  Schluter  et  al 
observed  that  a  short  fragment  of  PTHrP  stimulated 
cardiomyocyte  contraction  by  binding  to  the 
endothelin  type  A  receptor  [ETaR]  on  the  cells, 
possibly  via  a  short  peptide  homology  between  ET-1 
residues  6-9  [LMDK]  and  PTHrP  residues  8-11 
[LHDK.  In  li^t  of  this  unexpected  observation,  we 
hypothesized  that  in  prostate  cancers,  PSA  could 
cleave  PTHrP  into  novel  ligands  of  the  ETaR 
(Figure  1).  We  have  recently  established  an  animal 
model  of  osteoblastic  metastasis  that  identifies  ETaR 
ligands  as  causal  agents  of  skeletal  pathology  (Yin  et 
al,  2003). 

We  have  now  established  that  PTHrP  1-23  is  a  potent  bone  anabolic  agent,  with  maximal  bone- 
stimulatory  activity  at  1  nM.  The  effects  of  this  fragment  are  blocked  by  the  selective  ETaR 
agonist,  ABT-627,  Atresentan.  This  compoimd  is  effective  in  an  animal  model  (Yin  et  al,  2003) 
and  has  completed  Phase  n  clinical  trials,  in  which  it  was  effective  at  decreasing  skeletal-related 
events  in  men  with  advanced,  hormone-refractory  prostate  cancer  (Carducci  et  al,  2003;  Nelson 
et  al,  2003).  In  addition,  PTHrP-  neutralizing  antibodies  are  now  in  clinical  trials  in  cancer 
patients  (Sato  et  al,  2003).  This  humanized  antibody  recognizes  the  N-terminus  of  the  molecule 
and  was  originally  shown,  prior  to  its  humanization,  to  be  effective  in  decreasing  cancer  bone 
metastasis  by  our  Co-investigator  (Guise  et  al,  19996). 

In  October  2003, 1  moved,  along  with  my  colleagues  Drs.  K.S.  Mohammad  and  T.A.  Guise,  from 
the  University  of  Texas  Health  Science  Center  in  San  Antonio,  to  the  University  of  Virginia  in 
Charlottesville.  This  has  been  a  highly  rewarding  move.  The  UVa  Cancer  Center  has  been 
extremely  supportive  with  an  extensive  start-up  package.  UVa  is  a  major  center  of  prostate 


•PTHrP  1-16  activates  endothelin  A  receptor 

Schluter  et  al,  Br  J  Pharmacol  132:427,  2001 


•PSA  cleaves  PTHrP  after  Phe  22  &  23 

Iwamura  etal,  Urol  48:317,  1996 
Cramer  etal,  J  Urol  156:526, 1996 

•ET-1  is  a  potent  bone  anabolic  agent 

Yin  et  al.  PNAS  100(19):109S4-9.  2003 


Figure  1 
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cancer  research  and  has  many  world-class  researchers  who  focus  on  basic  signaling  mechanisms 
in  prostate  cancer  cells.  The  move  was,  however,  not  facilitated  by  the  previous  institution.  The 
office  of  Grants  Management  at  UTHSCSA  was  extremely  recalcitrant  to  transfer  the  grant  from 
UT  to  UVa,  and  the  award  notice  was  not  received  by  my  new  institution  until  October  2003,  but 
I  have  been  able  to  back — date  the  activation  of  this  award  to  04/01/2003.  Thus,  the  actual 
funded  period  covered  by  this  progress  report  is  04/01/03  -  12/01/03,  rather  than  a  full  12  month 
period.  There  is  thus  also  a  6-month  period  in  which  this  research  was  (involuntarily)  not 
supported  by  the  DoD  award.  As  part  of  the  process  of  transferring  the  award  from  UT  to  UVa, 
a  revised  statement  of  work  (SOW)  was  submitted .  in  02/2003.  The  proposed  revised 
performance  dates  now  differ  by  no  more  than  one  month  from  reality. 

BODY: 

Work  is  reported  according  to  the  revised  (2/2003)  SOW,  which  is  included  in  the  Appendix. 

For  Specific  Aim  1 

Task  1:  Redone  prohK2  &  proPSA  cDNAs  into  pcDNA  vectors,  test  DNAs  by  transient 
transfections  into  293  cells  and  assay  as  in  task  4,  below  (months  1-3).  Previously  completed. 

Task  2:  Isolate  stable  single  cell  lines  with  DNAs  from  task  1  (months  4-12).  Previously 
completed  for  proPSA.  Cell  lines  for  hK2  remain  to  be  isolated  (months  1-9). 

Task  3:  Isolate  stable  double  (hK2+PSA)  cell  line  with  DNAs  from  task  1  and  hK2  stable  clone 
from  task  2  (months  13-24;  now  months  6-21). 

As  referenced  in  the  revised  SOW,  recent  data  suggest  that  cleavage  of  PTHrP  in  the  PC3 
cell  line  may  result  in  growth  inhibition.  This  seems  to  be  the  case  and  we  have  so  far  been 
unsuccessful  in  isolating  stable  clones  that  express  active  hk2  (which  would  cleave  PTHrP  at 
arginine  residues  19-21  (Figure  1).  Thus,  an  additional  section  to  task  3  has  been  added.  The 
Isaacs’  laboratory  has  published  (Denmeade  et  al,  2003)  detailed  characterization  of  a  series  of 
prostate  cancer  cell  lines  for  their  expression  of  both  hK2  and  PSA.  These  lines  are  LAPC-4, 
CWR22Rvl,  MDA  PCA-2b,  LNCaP,  and  C4-2B  (derived  from  LNCaP  as  a  bone-metastatic 
variant,  Thalmaim  et  al,  1994;  Wu  et  al,  1994)),  all  of  which  are  available  to  us  through  the 
resources  of  the  NCI-supported  UVa  Cancer  Center.  We  propose  to  assay  these  cell  lines  for 
PTHrP  expression  and  secretion  by  three  assays.  First  RNAs  will  be  prepared  from  the  5  cell 
lines  or  xenografts  and  analyzed  by  standard  RT-PCR  for  PTHrP  gene  expression.  Second, 
conditioned  media  from  the  cells  will  be  assayed  for  content  of  intact  PTHrP  with  the  Nichols 
Institute  two-site  IRMA.  Third,  the  same  media  samples  will  be  assayed  with  a  single-site 
competition  RIA,  which  employs  a  high-affinity  antibody  that  recognizes  the  amino-terminus  of 
PTHrP  (residues  1-7),  from  Phoenix,  hic,  which  has  been  used  successfully  by  our  UVa 
colleague.  Dr.  S.J.  Parsons.  This  assay  will  detect  all  cleaved  forms  of  PTHrP.  We  expect  that  at 
least  some  of  these  cell  lines,  which  make  high  amoimts  of  active  PSA  and  hK2,  may  cleave 
PTHrP  efficiently.  Media  from  these  lines  will  be  negative  with  the  Nichols  ELISA  and  positive 
with  the  Phoenix  RIA. 
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Tdsk  3a.  Screen  5  cell  lines  for  PTHrP  expression  (months  1”9).  If  none  are  positive,  we  will 
transfect  a  PTHrP  expression  DNA  (already  available  and  tested)  into  one  of  the  hK2+,  PSA+ 
lines.  Resultant  clones  would  then  be  screened  with  the  three  assays  for  PTHrP. 


TABLE  1 


Prostate  Cancer 
Cell  Line 

PSA 

N-term  PTHrP 

Intact  PTHrP 

Ratio  N-terminal  to 
Intact  PTHrP 

PC3,wt 

0 

10.7 

9,1 

1.2 

LNCaP,  wt 

193 

32,3 

0.57 

57 

LNCaP,  dox-reg 

185 

61.7 

1.54 

40 

LAPC4 

trace 

138.6 

1.88 

73 

C4-2B 

165 

34.8 

0.91 

38 

PC3,  AR+vl 

0 

0 

0.37 

0 

PC3,  AR+v2 

T>n  A  _  1 

61 

0 

8.96 

0 

•I — _ - —  i  xxiix  cApicBscu  as  pivi/ lu  ceiis/^onrs 

(Phoemx  single-site  competition  RIA),  Intact  PTHrP  expressed  as  pM/10^cells/48hrs  (Nichols 
two-site  IRMA).  Media  collected  serum-free  from  subconfluent  cultures.  Dox-reg  are  LNCaPs 
stably  expressing  dox-inducible  regulator  system.  Data  from  cells  treated  with  doxycycline. 
PCS  AR+  are  PCSs  stably  transfected  with  wt  androgen  receptor.  VI  and  v2  are  independent 
clones.  Dox-reg,  LAPC4,  and  PCS  AR+  cells  grown  in  presence  of  synthetic  androgen  R1881. 


Task  3b:  Isolate  PTHrP+  clones  for  a  prostate  cancer  hK2+,  PSA+  cell  line  (months  10-21). 

T asks  3a  &b  are  now  largely  complete.  The  results  are  shown  in  Table  1.  It  is  likely  that  some 
of  these  cell  lines  also  express  ET-1,  which  would  substantially  confound  any  results  found  in 
vivo;  so  we  are  presently  assaying  these  same  samples  for  ET-1  peptide  content  before 
proceeding  to  animal  experiments.  The  current  data  suggest  that  LNCaP,  or  its  bone-metastatic, 
androgen  independent  derivative  C4-2B  (Thalmann  et  al,  1994;  Wu  et  al,  1994)  are  the  best 
candidates  for  foe  cell  line  to  be  used  in  foe  animal  experiments,  since  they  express  PSA  and 
show  a  high  ratio  of  N-terminal  to  intact  PTHrP,  suggesting  substantial  cleavage  of  PTHrP. 


Task  4:  Screen  clones  from  tasks  2&3  for  enzymatic  activity  and  protein  expression  (months  6- 
12, 18-24,  now  months  1-21).  These  experiments  are  underway. 


Task  5:  frnmuno-affinity  purify  PTHrP  fragments  from  media  of  cell  lines  from  tasks  2&3  and 
analyze  fragments  by  HPLC/mass  spectrometry  (months  13-18, 25-30,  now  months  9-15, 25-30). 
Analysis  of  fragments  from  cell  lines  newly  identified  from  additional  subtasks  3a  &’3b  now 
included.  We  expect  to  commence  this  task  in  01/2004. 


For  Specific  Aim  2): 

Task  6:  Prepare  synthetic  peptides  (months  1-3). 
Previously  completed. 

Task  7  Test  synthetic  peptides  on  osteoclast  formation  in 
marrow  cultures  (months  4-9).  Previously  completed. 


PTHrP-(1-16)  t  New  Bone  Area  and 
Osteoblast  #  via  the  ET^  Receptor 


New  bone  area 


Osteoblast  # 


PTHrP-(l.t6)  nM  100  100  250  250 


100  100  250  250 


*SolQct)vo  ET,jR  antagonist 


Figure  2.  Ex  vivo  calvarial  assay 
for  bone  formation.  PTHrP  1-16 
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Task  8:  Test  synthetic  peptides  on  new  bone  formation  in  calvarial  cultures  (months  6-24).  Now 
completed.  The  results  for  1-16,  1-20  and  1-23  and  the  effects  of  ABT-627  to  block  the 
responses  are  shown  in  Figures  2-6.  Figure  7  shows  representative  histology  of  calvarial  bones 
treated  with  PTHrP  1-23  andPTHrP  1-23  +  ABT-627. 


PTHrP-(1-23)  t  New  Bone  Area  &  Osteoblast  # 
via  the  ET^  Receptor 


New  bone  area  Osteoblast  # 


AB  T-627  (lOtjM)  +  .Selective  ET^R  antagortist 


Figure  6.  PTHrP  1-23  &  new  bone 
formation,  inhibition  by  ABT-627. 


Additional  section  to  task  8.  Neonatal  mouse  calvarial  organ  cultures  are  slow  and  expensive. 
Now  that  we  have  demonstrated  the  essential  correctness  of  the  original  hypothesis  in  organ 
culture,  we  will  obtain  more  accurate  dose  response  data  using  a  well-characterized  mouse  pro- 
osteoblastic  cell  line,  MC3T3-E1.  Twenty-three  published  papers  have  tested  the  ET-1  receptor 
responsiveness  of  these  cells,  and  others  have  shown  PTHrP  responsiveness  McCauley  et  al, 
2001).  Thus,  the  cells  express  receptors  for  both  peptides  and  respond  to  them.  The  cells  will 
differentiate  into  mature  osteoblastic  cells  in  culture  when  treated  with  ascorbate  and  form 
mineralized  nodules,  as  well  as  express  late  markers,  such  as  osteocalcin.  We  will  carry  out 
detailed  dose  responses  of  the  peptides  using  these  cells.  We  are  presently  determining  the  most 
convenient  marker  of  differentiated  response  to  assay  (such  as  VEGF  promoter-luciferase 
activity  (Wang  et  al,  2002),  alkaline  phosphatase  secretion,  or  osteocalcin  production.). 
Experiments  underway.  We  are  presently  testing  a  variety  of  different  osteoblastic  sublines  We 
have  also  completed  Affymetrix  gene  array  analysis  for  the  endothelin  targets  in  mouse 
osteoblastic  cells,  which  identify  approximately  30  additional  targets.  These  are  now  being 
validated. 
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Task  8a:  Test 
peptides  on  MC3T3- 
E1  cells  (months  10- 
24).  These 

experiments  will  he 
initiated  in  the  next 
funding  period. 


Task  9:  Perform 
tasks  7,  8,  and  8a  on 
samples  from  task  5 
(months  19-20,  31- 
32,  now  months  9-15 
&  37-30). 


For  Specific  Aim  3): 

Task  10:  Carry  out  pilot  animal  experiment  for  PC3/ev  and  PC3/hK2  cell  lines  from  Aim  1)  in 
metastasis  model  with  8  mice  (months  15-20,  now  months  10-15).  We  have  carried  out  a  pilot 
animal  experiment  with  the  androgen  receptor  (AR)  -re-expressing  PC3  cell  lines,  shown  in 
Table  1.  The  bone  phenotype  in  these  animals  will  be  determined  in  2004.  The  AR-transfection 
increased  survival  and  decreased  the  area  of  bone  lesions,  however,  since  these  cells  do  not 
express  significant  PSA  or  have  increased  expression  of  N-terminal  PTHrP  fragments,  we  do  not 
believe  that  these  cell  lines  are  worth  pursuing  in  the  context  of  the  work  proposed  here. 

Task  11:  Carry  out  full  animal  experiment  for  the  final  four  cell  lines  from  Aim  lin  metastasis 
model  (n=12  mice/group)  and  intramuscular  tumor  growth  rate  model  (n=6  mice/group)  with  72 
mice  total  (months  25-30,  now  months  25-30).  Alternatively,  this  task  could  be  carried  out  with 
one  of  die  cell  lines  identified  in  task  3a  or  3b,  which  we  now  believe  to  be  much  more  likely. 
As  discussed  above,  we  expect  to  use  an  intratibial  injection  model,  either  with  LNCaP  cells  or 
the  bone  metastatic  variant  C4-2B.  Parental  LNCaP  cells  cause  mixed  osteoblastic/osteol)dic 
lesions  over  the  course  of  5-6  weeks  with  a  take  rate  of  just  over  50%  (Corey  et  al,  2002), 
although  these  authors  report  that  the  cells  in  bone  stained  positively  for  ET-1  expression.  We 
expect  that  C4-2B  cells  would  form  bone  lesions  more  rapidly  and  efficiently,  but  their 
production  of  ET-1,  relative  to  parental  LNCaP  cells,  has  not  been  reported  to  our  knowledge. 
We  will  determine  this  missing  datum  in  01/2004.  LNCaP  cells  in  vitro  express  extremely  low 
amounts  of  ET-1  (Grant  et  al,  1997;  Granchi  et  al,  2001).  We  expect  to  initiate  these  experiments 
in  the  spring  of  2004.  The  selected  prostate  cell  line  (PSA-positive  and  producing  high 
concentrations  of  PTHrP  fragments  shorter  than  1-34  and  low  concentrations  of  endothelin-1  and 
longer  PTHrP  molecules)  will  be  tested  in  the  intra-tibial  model,  with  which  he  have  experience. 
Animals  will  be  treated  with  ABT-627  as  described  (Yin  et  al,  2003)  or  PTHrP-neutralizing 
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mouse  monoclonal  antibody  as  described  (Kakonen  et  al,  2002).  We  have  drug  and  purified 
mAB  available. 

Task  12:  Carry  out  detailed  histomorphometric  analysis  of  the  bones  and  soft  tissues  of  the  8 
mice  fi-om  task  10  (bones  only,  months  21r24,  now  months  16-21)  and  the  48  metastasis  model 
mice  (48+288  bone  histology  blocks)  from  the  previous  task  (months  31-34,  now  months  30-33). 

Task  13:  Perform  statistical  analysis  of  data  from  animal  experiments  and  prepare  manuscripts 
for  publication  (months  11-12, 23-24;  35-36,  now  months  3-6, 20-21  and  32-33). 

KEY  RESEARCH  ACCOMPLISHMENTS: 

•  PTHrP  fragments  shown  to  stimulate  new  bone  formation. 

•  Effects  of  PTHrP  fragments  shown  to  be  via  the  endothelin  A  receptor 

•  Effects  of  endothelin- 1  on  osteoblastic  metastases  published  in  an  animal  model  (Yin  et 
al,  2003). 

•  Dose-response  of  new  bone  formation  to  PTHrP  1-23  shown  to  extend  to  at  least  1  nM. 

•  A  series  of  prostate  cancer  cell  lines  identified  that  express  both  PTHfP  and  active  PSA. 
Preliminary  data  obtained  on  conversion  of  PTHrP  into  N-terminal  fragments  by  these 
cell  lines. 

REPORTABLE  OUTCOMES: 

We  submitted  our  initial  results  to  three  international  meetings  during  2003.  In  all  three  cases 
the  work  was  selected  for  oral  presentation.  Abstracts  for  these  three  presentations,  with 
dates,  titles,  and  locations  of  the  meetings,  are  included  in  the  appendices. 

We  have  initiated  two  new  collaborations  to  accelerate  the  work  proposed.  The  laboratory  of 
Masashi  Yanagiswa  (the  discoverer  of  endothelin),  Howard  Hughes  Medical  Institute,  University 
of  Texas  Southwestern  Medical  Center,  Dallas,  TX,  is  currently  testing  our  PTHrP  peptides  for 
binding  to  and  activation  of  the  cloned  endothelin  A  and  B  receptors.  These  are  technically  very 
difficult  experiments,  since  ET-1  binding  to  its  receptor  is  essentially  irreversible  and  the  assays 
require  highly  specialized  expertise  (Kedzierski  &  Yanagisawa,  2001).  Simultaneously,  we  are 
collaborating  with  the  laboratory  of  Thomas  Gardella  at  Massachusetts  General  Hospital  to 
determine  peptide-binding  parameters  to  the  PTH  type  1  receptor.  Again  this  is  a  highly 
specialized  technique,  in  which  Dr  Gardella  is  a  world  expert  (Gensure  et  al,  2003.)  As  soon  as 
the  binding  data  to  the  cloned  receptors  are  obtained,  a  manuscript  summarizing  our  findings  will 
be  prepared  and  submitted. 
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CONCLUSIONS: 


We  have  been  fully  successful  to  date.  Our  experiments  ex  vivo  establish  that  PTHrP  1-23  is  a 
potent  bone-anabolic  agent,  while  our  parallel  experiments  establish  that  tumor-produced  ligands 
for  the  ET  A  receptor  are  causal  agents  in  osteoblastic  bone  metastases  (Yin  et  al,  2003),  Figure 


Figure  8.  Summary  of  roles  of  endothelin  A 
receptor  ligands  (both  ET-1  and  PTHrP  N-terminal 
fragments)  as  osteoblastic  factors  in  prostate  cancer 
bone  metastases 


8. 

We  continue  to  work  on  developing  a 
human  prostate  cancer  cell  line  that 
makes  PTHrP  N-terminal  fragments  by 
the  proteolytic  action  of  PSA  on  intact 
PTHrP  (139  aa  and  larger).  This  has 
turned  out  to  be  a  challenging  project, 
but  we  have  identified  a  number  of 
PSA+  cell  lines  that  secrete  large 
amounts  of  N-terminal  PTHrP  but  low 
amounts  of  longer  forms.  If  any  of  these 
cell  lines  are  low  producers  of  ET-1, 
they  will  be  useful  candidates  to  test  in 
an  animal  model.  We  have  also 
established  the  intra-tibial  injection 
model  for  testing  osteoblastic  responses 
to  cell  lines  (such  as  LNCaP  derivatives) 
that  do  not  form  metastases  when 
inoculated  into  immimocompromised 
mice  by  the  intracardiac  route. 


We  expect  to  identify  a  useful  PTHrP-fragment  secreting  cell  line  in  the  2004  grant  period  and  to 
commence  animal  experiments.  This  is  a  crucial  experiment,  since  it  will  test  the  physiological 
significance  of  what  are  presently  in  vitro  observations.  Detailed  ligand  binding  experiments 
are  not  proposed  in  this  grant  but  these  are  now  underway  with  expert  collaborators  in  the  fields 
of  ET  receptors  and  PTHrP  receptors.  These  results  should  substantially  strengthen  the 
molecular  basis  of  our  observations. 


Particularly  exciting  to  us  is  the  current  progress  in  clinical  treatments  that  target  the  N-terminus 
of  PTHrP  and  the  ET  A  receptor  in  cancer  (Mimdy,  2003).  These  are  described  in  the 
INTRODUCTION.  They  hold  out  the  possibility  that  these  therapeutic  interventions  could  be 
rapidly  applied  to  the  animal  model,  which  we  are  currently  developing.  In  addition,  our  results 
provide  insights  into  a  physiological  role  for  PSA  (and  hK2)  in  prostate  cancer  bone  metastases. 
They  suggest  that  inhibitors  of  PSA  would  not  benefit  patients  with  PTHrP+  PSA+  bone 
metastases,  but  would  rather  change  the  bone  response  from  osteoblastic  to  osteolytic.  We  have 
recently  discovered  published  data  that  neprilysin,  another  protease  secreted  by  prostate  cancers, 
also  cleaves  PTHrP  at  residue  23  (Ruchon  et  al,  2000)  and  may  play  an  endogenous  role  in 
normal  bone.  Neprilysin  inactivates  endothelin- 1  and  appears  to  be  decreased  with  prostate 
cancer  progression  (Nelson  &  Carducci,  2000).  It  may  be  that  changes  in  protease  expression 
(PSA,  hK2,  neprilysin,  et  al)  alter  the  processing  of  a  set  of  bone  active  factors  such  as  PTHrP 
and  ET-1  and  contribute  to  the  phenotype  of  bone  metastasis  characteristic  of  prostate  cancer. 
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APPENDICES: 


Revised  (2/2003)  SOW  (3pp). 

Three  abstracts  (Ip  each)  from  oral  presentations  at  international  meetings,  fall  2003. 
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DAMD 17-02-1 -0034 


John  M.  Chirgwin,  Ph.D.,  P.L 


Proposal  Title:  PSA  converts  parathyroid  hormone  related  protein  (PTHrP)  from  an  osteolytic  to  an 

osteoblastic  factor:  role  in  bone  metastasis 


STATEMENT  OF  WORK,  revised  February  2003: 


The  actual  numbered  tasks  remain  unchanged,  as  do  the  Specific  Aims. 

Additions  to,  changes  in,  or  completions  of  individual  tasks  are  indicated  in  bold.  The  time  frame  in  Virginia  is 
now: 


03/01/2003-12/31/2003  =  months  1-9  (in  italics) 

01/01/2004-12/31/2004  =  months  10-21  (in  italics) 

01/01/2005-12/31/2005  =  months  22-33  (in  italics) 

Months  not  italicized  are  the  months  from  the  original  SOW. 

Please  note  that  Proposed  Animal  Use  Is  Unchanged 

For  Specifrc  Aim  1): 

Task  1:  Redone  prohK2  &  proPSA  cDNAs  into  pcDNA  vectors,  test  DNAs  by  transient  transfections  into  293 
cells  and  assay  as  in  task  4,  below  (months  1-3).  COMPLETE. 

Task  2:  Isolate  stable  single  cell  lines  with  DNAs  from  task  1  (months  4-12).  Complete  for  proPSA.  Cell  lines 
for  hK2  remain  to  be  isolated  {months  1-9). 

Task  3:  Isolate  stable  double  (hK2+PSA)  cell  line  with  DNAs  from  task  1  and  hK2  stable  clone  from  task  2 
(months  13-24;  now  months  6-21). 

An  additional  section  to  task  3  has  been  added.  The  Isaacs’  laboratory  has  just  published  (Denmeade  et  al, 
March  2003)  detailed  characterization  of  a  series  of  prostate  cancer  cell  lines  for  their  expression  of  both  hK2 
and  PSA.  These  lines  are  LAPC-4,  CWR22Rvl,  MDA  PCA-2b,  LNCaP,  and  C4-2B  (derived  from  LNCaP),  all 
of  which  are  available  to  us  throu^  the  resources  of  the  NCI-supported  UVa  Cancer  Center.  We  propose  to 
assay  these  cell  lines  for  PTHrP  expression  and  secretion  by  three  assays.  First  RNAs  will  be  prepared  from  the 
5  cell  lines  or  xenografts  and  analyzed  by  standard  RT-PCR  for  PTHrP  gene  expression.  Second,  conditioned 
media  from  the  cells  will  be  assayed  for  content  of  intact  PTHrP  with  the  Nichols  Institute  two-site  IRt^. 
Third,  the  same  media  samples  will  be  assayed  with  a  single-site  competition  RIA,  which  employs  a  high- 
affmity  antibody  that  recognizes  the  amino-terminus  of  PTHrP  (residues  1-7),  from  Phoenix,  Inc,  which  has 
been  used  successfully  by  our  UVa  colleague.  Dr.  S.J.  Parsons.  This  assay  will  detect  all  cleaved  forms  of 
PTHrP.  We  expect  that  at  least  some  of  these  cell  lines,  which  make  high  amounts  of  active  PSA  and  hK2,  may 
cleave  PTHrP  efficiently.  Media  from  these  lines  will  be  negative  with  the  Nichols  ELISA  and  positive  with  the 
Phoenix  RIA. 

Task  3a:  Screen  5  cell  lines  for  PTHrP  expression  {months  1-9).  If  none  are  positive,  we  will  transfect  a 
PTHrP  expression  DNA  (already  available  and  tested)  into  one  of  the  hK2+,  PSA+  lines.  Resultant  clones 
would  then  be  screened  with  the  ^ee  assays  for  PTHrP. 

Task  3b;  Isolate  PTHrP+  clones  for  a  prostate  cancer  hK2+,  PSA+  cell  line  {months  10-21). 

Task  4:  Screen  clones  from  tasks  2&3  for  enzymatic  activity  and  protein  expression  (months  6-12,  18-24,  now 
months  1-21) 

Task  5:  hnmuno-affmity  purify  PTHrP  fragments  from  media  of  cell  lines  from  tasks  2&3  and  analyze 


fragments  by  HPLC/mass  spectrometry  (months  13-18,  25-30,  now  months  9-15,  25-30).  Analysis  of 
fragments  from  cell  lines  newly  identified  from  additional  subtasks  3a  &  3b  now  included. 

For  Specific  Aim  2); 

Task  6:  Prepare  synthetic  peptides  (months  1-3).  COMPLETED. 

Task  7  Test  synthetic  peptides  on  osteoclast  formation  in  marrow  cultmes  (months  4-9).  COMPLETED. 

Task  8:  Test  synthetic  peptides  on  new  bone  formation  in  calvarial  cultures  (months  6-24).  Substantially 
completed.  Final  experiments  as  originally  proposed  (months  1-6). 

Additional  section  to  task  8.  Neonatal  mouse  calvarial  organ  cultures  are  slow  and  expensive.  Now  that  we 
have  demonstrated  the  essential  correctness  of  the  original  hypothesis  in  organ  culture,  we  will  obtain  more 
accurate  dose  response  data  using  a  well-characterized  mouse  pro-osteoblastic  cell  line,  MC3T3-E1.  Twenty- 
three  published  papers  have  tested  the  ET-1  receptor  responsiveness  of  these  cells  ,  and  others  have  shown 
PTHrP  responsiveness  McCauley  et  al,  2001).  Thus,  the  cells  express  receptors  for  both  peptides  and  respond  to 
them.  The  cells  will  differentiate  into  mature  osteoblastic  cells  in  culture  when  treated  with  ascorbate  and  form 
mineralized  nodules,  as  well  as  express  late  markers,  such  as  osteocalcin.  We  will  carry  out  detailed  dose 
responses  of  the  peptides  using  these  cells.  We  are  presently  determining  the  most  convenient  marker  of 
differentiated  response  to  assay  (such  as  VEGF  promoter-luciferase  activity  (Wang  et  al,  2002),  alkaline 
phosphatase  secretion,  or  osteocalcin  production.) 

Task  8a;  Test  peptides  on  MC3T3-E1  cells  (months  10-24). 

Task  9:  Perform  tasks  7,  8,  and  8a  on  samples  from  task  5  (months  19-20, 31-32,  now  months  9-15  &  37-30). 

For  Specific  Aim  3): 

Task  10:  Carry  out  pilot  animal  experiment  for  PC3/ev  and  PC3/hK2  cell  lines  from  Aim  1)  in  metastasis  model 
with  8  mice  (months  15-20,  now  months  10-15). 

Task  11:  Carry  out  full  animal  experiment  for  the  final  four  cell  lines  from  Aim  lin  metastasis  model  (n=12 
mice/group)  and  intramuscular  tumor  growth  rate  model  (n=6  mice/group)  with  72  mice  total  (months  25-30, 
now  months  25-30).  Alternatively,  this  task  could  be  carried  out  with  one  of  the  cell  lines  identified  in  task 
3a  or  3b. 

Task  12:  Carry  out  detailed  histomorphometric  analysis  of  the  bones  and  soft  tissues  of  the  8  mice  from  task  10 
(bones  only,  months  21-24,  now  months  16-21)  and  the  48  metastasis  model  mice  (48-1-288  bone  histology 
blocks)  from  the  previous  task  (months  31-34,  now  months  30-33). 

Task  13:  Perform  statistical  analysis  of  data  from  animal  experiments  and  prepare  manuscripts  for  publication 
(months  11-12, 23-24;  35-36,  now  months  3-6,  20-21  and  32-33). 


Summary  of  the  original  01  year  progress  report, 
submitted  during  the  relocation  to  University  of  Virginia  effective  10/01/02: 
The  aims,  tasks,  and  the  schedule  remain  essentially  rmchanged  from  those  originally  proposed: 

Task  1:  complete 

Task  2:  underway  and  expected  to  be  completed  by  6/30/03 
Task  3:  to  be  initiated  after  transfer  to  Virginia 


Task  4:  assay  procedures  already  established.  Experiments  to  be  initiated  after  transfer  to  Virginia 

Task  5:  affinity  columns  of  immobilized  anti-PTHrP  N-terminal  3F5  monoclonal  antibody  already  made.  They 
are  presently  being  tested  and  will  be  used  as  proposed  after  transfer  to  Virginia 

Task  6:  completed  for  PTHrP  peptides  1-16, 1-20, 1-23,  and  1-34 

Tasks  7  8:  completed  for  PTHrP  peptides  1-16  and  1-34,  xmderway  for  1-20  and  1-23.  Task  7  now  uses  an 

assay  that  combines  the  cultures  of  task  8,  but  is  otherwise  unchanged 

Tasks  9-13:  will  he  carried  out  according  to  the  originally  proposed  schedule  following  transfer  to  Virginia 

At  this  time  of  the  transfer  from  UTx  to  UVa,  all  of  the  proposed  tasks  were  on  schedule.  We  anticipate  being 
able  to  keep  to  the  original  tasks  and  timetable  despite  the  inevitable  dislocations  and  delays  associated  with  a 
cross-country  move  of  laboratory  and  personnel. 
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PTHrP  Stimulates  New  Bone  Formation  by  Molecular  Mimicry  of  Endothelin-1 

K.S.  Mohammad,  T.A.  Guise,  J.M.  Chirgwin 

University  of  Virginia,  Charlottesville  VA  22903 

Abstract: 

Prostate  cancer  metastases  to  the  skeleton  are  frequently  osteoblastic,  despite  abundant 
expression  of  the  osteolytic  factor  parathyroid  hormone-related  protein,  PTHrP.  We  propose  a 
new  explanation  for  this  paradox:  N-terminal  fragments  of  PTHrP  stimulate  new  bone  formation 
by  activating  the  endothelin  A  (ETa)  receptor.  Endothelin-1  (ET-1)  is  a  21  aa  peptide  which 
potently  stimulates  new  bone  formation  via  the  ETa  receptor.  ET-1  residues  6-9  [LMDK]  and 
PTHrP  residues  8-11  [LHDK]  share  strong  sequence  homology.  We  tested  PTHrP  1-16  in  an  ex 
vivo  assay.  Hemi-calvariae  [n=4]  of  4  day  old  mice  were  cultured  on  grids  in  medium  +  0.1% 
BSA  and  test  factor  for  4  or  7  days.  They  were  then  fixed,  decalcified,  and  embedded  in  paraffin. 
Sections  were  cut  parallel  to  the  sagittal  suture,  stained  with  H&E,  and  analyzed  by 
computerized  histomorphometry  to  determine  new  bone  area  and  osteoblast  number.  Inclusion 
of  lOOnM  PTHrP  1-16  caused  a  3-fold  stimulation  of  new  bone  area  at  4  days  (0.0095  vs 
0.0035mm2  for  xmtreated  control,  p<0.05)  and  7  days  (0.014  vs  0.0035mm2  for  imtreated 
control,  p<0.001).  Osteoblast  numbers  were  correspondingly  increased.  The  response  was 
equivalent  to  that  caused  by  lOOnM  ET-1  positive  control.  There  was  no  additional  response  to 
lOOOnM  PTHrP  1-16  or  to  the  combination  of  lOOnM  each  PTHrP  1-16  and  ET-1.  The  effects  on 
new  bone  area  and  osteoblast  number  were  blocked  by  the  inclusion  of  0.0  ImM  ABT627,  a 
selective  ETa  receptor  antagonist,  which  did  not  block  new  bone  formation  stimulated  by  FGF-2. 
We  foimd  similarly  strong  anabolic  responses  to  25nM  PTHrP  1-20  and  1-23,  while  PTftP  1-34 
instead  caused  extensive  osteolysis.  Our  data  demonstrate  that  N-terminal  peptides  of  PTHrP 
exert  potent  anabolic  effects  on  bone  via  the  ETa  receptor.  The  sequence  of  PTHrP  18-23, 
RRRFF,  is  cleaved  by  prostate-specific  antigen.  Proteolysis  at  this  site  frees  residues  8-1 1  to  bind 
to  ETa,  providing  a  molecular  explanation  for  the  osteoblastic  phenotype  of  PTHrP-positive 
prostate  cancer  bone  metastases.  The  mimicry  of  ET-1  by  PTHrP  N-terminal  peptides  suggests 
that  ETa  receptor  antagonists  could  be  effective  in  treating  prostate  cancer,  both  against  the 
actions  of  endothelin  itself  and  against  the  anabolic  effects  of  PTHrP  fragments. 


The  IVth  International  Conference  on  Cancer-Induced  Bone  Disease,  San  Antonio  TX 
Oral  Presentation  #16, 7  December  2003 

PTHrP  Fragments  Stimulate  New  Bone  Formation  by  Binding  to  the  Endothelin  A 
Receptor 

K.S.  Mohammad,  T.A.  Guise,  and  J.M.  Chirgwin 
University  of  Virginia,  Charlottesville  VA  22903 
Abstract: 


Prostate  cancer  metastases  cause  disorganized  new  bone  formation,  despite  expressing  the  bone- 
destructive  factor,  PTHrP.  We  report  a  molecular  basis  for  this  paradox:  proteolytic  fragments  of 
PTHrP  stimulate  bone  cells  via  the  endothelin  A  receptor  (ETaR).  Residues  6-9  [LMDK]  of  ET- 
1  and  PTHrP  residues  8-11  [LHDK]  share  strong  sequence  similarity.  PTHrP  is  cleaved  at 
residues  22  and  23  by  the  serine  protease,  prostate-specific  antigen  (PSA).  The  fragments 
generated  by  PSA  are  too  short  to  activate  the  PTHl  receptor  but  stimulate  new  bone  by 
activating  the  ETaR. 

We  tested  PTHrP  N-terminal  peptides  on  bone  formation  in  4-day  neonatal  mouse  calvariae. 
PTHrP(l-16)  (lOOnM)  caused  a  2.5-fold  stimulation  of  new  bone  area  (0.014  vs  0.0035mm2  for 
imtreated  control,  p<0.001).  Osteoblast  numbers  were  correspondingly  increased.  The  response 
was  equivalent  to  that  caused  by  the  established  osteoblastic  factor  ET-1  (lOOnM).  PTHrP(l-20) 
(25nM)  also  increased  bone  formation.  The  action  of  PTHrP(l-16)  was  blocked  by  ABT627 
(O.OlmM),  a  selective  ETaR  antagonist,  which  did  not  inhibit  new  bone  formation  stimulated  by 
FGF-2.  PSA  cleaves  PTHrP  after  residue  F23,  allowing  residues  8-1 1  to  bind  to  ETaR.  We 
found  a  strong  bone  anabolic  response  to  PTHrP(l-23)  (InM;  p<0.01  vs  control),  while 
PTHrP(  1  -34)  instead  caused  extensive  osteolysis. 

Structural  mimicry  of  ET-1  by  PTHrP  peptides  provides  a  molecular  basis  for  the  osteoblastic 
phenotype  of  PTHrP-positive  prostate  cancer  bone  metastases  and  suggests  that  ETaR 
antagonists  should  be  effective  against  both  the  action  of  ET-1  and  the  anabolic  effects  of  PTHrP 
fragments,  in  treating  osteoblastic  bone  metastases  due  to  prostate  cancer. 


